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Abstract of JP 9135230 (A) 

PROBLEM TO BE SOLVED: To provide an OFDM 
(orthogonal frequency dividing multiplex digital 
modulation and demodulation processing) 
transmission system satisfactorily receivable 
regardlessly of a receiving form. SOLUTION: 



significant symbol length, a guard inerval length and 
the number of carrier waves), data groups D1 to DL 
are respectively converted into parallel data by a 
soiinl/pniallol liiinsfoi mcis 111 to 1 1 L, nssiqnod to 
each carrier wave of OFDM, and subjected to a 
reverse discrete Fourier transform by inverse 
discrete Fourier transformers 121 to 12L to obtain 
sample values of a transmission waveform on a time 
axis.; Then the values are converted into the serial 
sample value groups by parallel/ serial transformers 
131 to 13L and converted into a single time sample 
group by a time sample group switch 14, then added 
with ;i symbol fm fmmo synchmni/.ilion, converted 
into to an analog b;is<; b;ind OFDM signal and up- 
converted to obtain ,i tmnsmission signal. At this 
time, the frequency band width of the OFDM signal 
is defined as a value smaller than a specific value 
specified by the band width of a usable transmission 
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ABSTRACT 



Data sequences correspond to L different parameter sets 
(effective symbol length, guard interval length, the number 
of carrier waves) and transformed into parallel data by 
respective serial/parallel converters, which are allocated to 
respective carrier waves for OFDM and subjected to inverse 
discrete Fourier transform by inverse discrete Fourier trans- 
formers to produce sampled values for the transmission 
waveform in the time domain. The sampled values are 
transformed into serial sequences of sampled values by 
parallel/serial converters and then into a single temporal 
sampling sequence by a temporal sampling sequence switch- 
ing unit. A frame synchronizing symbol is added to the 
temporal sampling sequence and then transformed into an 
analog base band OFDM signal before it is converted up to 
a transmission signal. The frequency bandwidth of the 
OFDM signal is made smaller than a predetermined value 
defined by the bandwidth of the available transmission 
channel. As a result, an OFDM signal that can be received 
well regardless of the mode of reception can be transmitted. 

10 Claims, 9 Drawing Sheets 
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ORTHOGONAL FREQUENCY DIVISION transform circuit A2 carries out an operation of inverse 

MULTIPLEXING TRANSMISSION SYSTEM discrete Fourier transform to the time domain. As a result, 

AND TRANSMITTER AND RECEIVER sampled data are produced for a time base waveform so that 

ADAPTED TO THE SAME a base band analog signal having a temporally continuous 

5 waveform is obtained from the sampled data and processed 

BACKGROUND OF THE INVENTION for frequency conversion by frequency converter A3 before 



1. Field of the Invention 



s transmitted. 



,„ . . . . The number of sampled values produced on a time base 

1 his invention generally relates lo a transmission system . . ,. .. '. . 1 . . .„ , 

, - ■ bv inverse discTctc Fourier Hailstorm is typically _ lor each 

lor digital broadcasting and, more particularly, it relates to a , ;.. . . . • ,, , • . .... 

|.,(., lP lllsrn - ss j f-n u tl ill" i Uvi effective symbol period (n being a positive integer), thus, it 

K ' n ' lrH: M ." n ;, ' L ' 1 . 1 J ."' t * "' " '=*', '";''! < T, n ,'tv l ' , r, is tie lined as r, =1 guard interval lentil)) (effective svmbol 

sion multiplexing (hereinafter referred to as OFDM) and ] u ^ ^ ^d f or each trans- 

digital modulation demodulation. I lie present invention also , , , , C e u . • • . , • 

f, • , ■ , mission svmbol. I he length ol each transmission symbol is 

svstem " traDSmltter ' reC£1Ver adaPt£d t0 SUCh 3 dually equal to the time interval of sampling points multi- 
15 plied by an integer. 



2. Description of the Related Art Qn the part rf ^ B frequ£ncy q 

The demand for digitized television broadcasting using processes the received signal for frequency cc... 

ground waves has been increasing to improve the quality of obtain a base 5and signal wave form, which is sampled at _ 

television service. The OFDM transmission system appears samp i mt , ratc M me\s that of the transmitter Discrete 

to be particularly promising lor ground nave digital signal ,; ouricr transform circuit B2 processes the sampled data to 

transmission because it is robust against the multipath ellect canv um opcialiull uf discrete Fourier transloim lo the 

(or the ghost effect for television). frequency domain and obtains by calculation the phase and 

The OFDM transmission system is a variation of the the amplitude of each of the carrier wave frequency corn- 
multiple carrier modulation system, with which a transmis- ponents to determine the value of each of the received data 
sion signal is produced by combining a large number (tens 25 before they are converted into serial data by parallel/serial 
to thousands) of digitally modulated waves (carrier waves 1 converter B3 and produced as data output, 
through k) as typically illustrated in FIG. 1. Each of the while television signals are received either in the fixed 
carrier waves may be modulated in a mode selected from a moc ie or in the mobile mode (including the portable recep- 
number of different possible modes including QPSK, tion mo de), a good reception is essential regardless of the 
16QAM and 64QAM. 30 mode 0 f reception. With any known OFDM system, the 

The data transmission using the OFDM transmission effective symbol length, the guard interval length and the 

system is realized by using transmission symbols as illus- number of carrier waves of data transmitting symbols are 

trated in FIG. 1, each of which consliluies a unil. Each determined mainly on the basis of either the fixed reception 

transmission symbol comprises an effective symbol period mode or the mobile reception mode. If the effective symbol 

and a guard interval. The effective symbol period is a signal 35 length, the guard interval length and the number of carrier 

period essential to data transmission. 'Hie guard interval is a waves of data transmitting symbols are based mainly on, for 

redundant signal period designed lo reduce the multipath example, the fixed reception mode, not the mobile reception 

effect by cyclically repeating the signal waveform of the mode, the influence of fading will be serious, 
effective svmbol period. 

If the gap between any two adjacent frequencies is made 40 SUMMARY OF THE INVENTION 

equal to the reciprocal number of the effective symbol period As pointed out above, with any known OFDM transmis- 

for OFDM transmission, the nil point of the frequency sion system, the effective symbol length, the guard interval 

spectrum of each digitally modulated wave coincides with length and the number of carrier waves of data transmitting 

the center frequency of the adjacent modulated waves as symbols are determined on the basis of the most popular 

shown in FIG. 2A so that no cross interference occurs reception mode because they cannot be selected so as to 

between them. As seen from FIG. 2B, the spectrum of an adapt themselves to more than one different modes. 

OFDM signal shows a substantially rectangular profile as a It is? therefore, the object of the present invention to 

whole. If the effective symbol period is ts and the number of provide an OFDM transmission system that ensures a good 

carrier waves is K, then the frequency gap between any 5Q slgrlal reception regardless of the" selected reception mode 

adjacent carrier waves is equal to 1/ts while the transmission and a transmitter and a receiver adapted to such a system, 

bandwidth is equal to K/ts. According to the invention, the above object is achieved 

With the OFDM transmission system, a transmission bv providing an OFDM transmission system for transmitting 

frame is comprised of tens to hundreds of transmission da | a by means of OFDM and digital modulation/ 

symbols as shown in FIG. 1. FIG. 3 illustrates a typical 55 demodulation, characterized m that, if hie time interval ol 

OFDM transmission frame. The OFDM transmission frame OFDM sampling points is T, the effective symbol length NiT 

contains frame synchronizing symbols, if necessary, along ( Nl being a positive integer), the guard interval length Mil' 

with data transmitting symbols. If necessary, it may addi- (Mi being zero or a positive integer i and the number of 

tionally contain service identifying symbols. carrier waves Ki (Ki being a positive integer) of the l-thdata 

FIG. 4 illustrates the concept of a transmitter A and a go transmission svmbol in an OFDM tiaiismission frame can 

receiver B adapted to the OFDM transmission system. take a plurality of respectively different values that can be 

The transmitter A divides a binary data to be transmitted arbitrarily selected, provided that Ki NiT is kept smaller 

into data blocks, each of which has a predetermined number than a constant value W (W being a positive real number) 

of bits and is converted into a complex number prior to determined by the bandwidth of the transmission channel, 

transmission. Serial/parallel converter Al allocates different 65 In other words, with the OFDM transmission system 

complex numbers Ci (i=F to N) to the carrier wave frequen- according to the invention, two or more than two values are 

cies on a one by one basis and inverse discrete Fourier used for the effective symbol length and also for the guard 



interval length of a data transmission s\ mbol and the symbol 
length is made equal to the sampling period, w liich is a basic- 
unit for OFDM digital signal processing, multiplied by an 
integer. Additionally, the frequency bandwidth of OFDM 
transmission signal is made smaller than a constant value 5 
determined by the bandwidth of the transmission channel. 

As a result, no cross interference appears if a plurality of 
data transmitting symbols having respective effective sym- 
bol lengths and guard interval lengths that are different from 
each i ither are multiplexed in a single transmission channel. 10 
Thus, the OFDM transmission system according to the 
invention can meet different conditions for data transmission 
in a single transmission channel without reducing ihe effi- 
ciency of the use of frequencies and entailing any cross 
interference among carrier waves. 15 

Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from ihe description, or may be learned by practice 
of the invention. Ihe objects and advantages of the invention 
may be realized and obtained by means of the instrumen- 20 
talities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 25 
and constitute a part of the specification, illustrate presently 
preferred embodiments of the invention and, together with 
the general description given above and the detailed descrip- 
tion of the preferred embodiments given below, serve to 
explain the principles of the invention. 30 

FIG. 1 is a graph schematically showing signal transmis- 
sion waveforms and a transmission svmbol used for the 
OFDM transmission system; 

FIGS. 2A and 2B arc graphs schematically showing the 
frequency spectrum of the OFDM transmission system; 35 

FIG. 3 is a graph schematically illustrating the configu- 
ration of a transmission frame of the OFDM transmission 
system; 

FIG. 4 is a schematic block circuit diagram of a trans- 
mitter and a receiver adapted to a known OFDM transmis- 40 
sion system; 

FIG. 5 is a graph showing the frequency spectrum of an 
OFDM transmission system having a frequency block for 
the fixed reception mode and a frequency block for the 
mobile reception mode in a transmission channel; 45 

FIG. 6 is a schematic block circuit diagram of an embodi- 
ment of a transmitter adapted to the OFDM transmission 
system of the invention; 

FIG. 7 is a schematic block circuit diagram of an embodi- _ 
ment of a receiver adapted to the OFDM transmission 
system of the invention; 

FIG. 8 is a graph schematically illustrating the configu- 
ration of a transmission frame of the Ol DM transmission 
system according to the invention; 55 

FIG. 9 is a graph schematically illustrating the relation- 
ship between the effective symbol length of an OFDM 
transmission symbol and the average transmission power 
level that can be used for another embodiment of the 



waves within a base band in order to change the frequency 
at predetermined periods, of which FIG. HAis designed for 
symbols for mobile reception whereas FIG. 11B is designed 
for symbols for fixed reception; and 

FIG. 12 is a schematic view of a transmission frame 
comprising one or more data transmitting symbols for 
mobile and fixed receivers, where symbols for mobile recep- 
tion are arranged ai predetermined lime periods. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The idea underlying the present invention will firstly be 
described. OFDM transmission symbols adapted to fixed 
reception and those adapted to mobile reception may be 
transmitted through a single transmission channel by divid- 
ing each OFDM signal into two frequency blocks on a 
frequency base, which frequency blocks are separated by a 
guard band in order to prevent interference from taking 
place among carrier waves, and selecting different values for 
the symbol length in these frequency blocks, which are 
respectively used for the fixed and mobile reception modes 
as shown in FIG. 5. 

However, with the above method of dividing an OFDM 
signal into a plurality of blocks, the carrier waves which 
belong to different frequency blocks can not have an 
orthogonal relationship because the effective symbol length 
and the carrier wave frequency gap are differentiated from a 

provided between any adjacent frequency blocks at the cost 
of reducing the efficiency of the use of frequencies and the 
transmission bit rate of a transmission channel. 

According to the invention, data transmitting symbols 
adapted to fixed reception and those adapted to mobile 
reception can be transmitted through a single transmission 
channel without providing one or more than one guard bands 
to prevent cross interference from occurring among carrier 
waves and hence without reducing the efficiency of the use 
of frequencies. 

With OFDM transmission systems, an FIT window hav- 
ing the same length as that of the effective symbol period is 
provided in each data transmitting symbol period and 2n 
sampling points are subjected to an operation of discrete 
Fourier transform to the frequency domain in the demodu- 

The FFT window is arranged usually at the rear end of 
each transmission symbol. Note that no ghost can get into 
the FFT window in the demodulator from the adjacent 
symbol if the multipath delay time (or the ghost signal delay 
time for television) is shorter than the guard interval length. 
Therefore, tile degradation due to the multipath phenomenon 
can be made far less serious than the degradation in a single 
carrier arrangement. Thus, with OFDM transmission 
systems, the influence of a ghost having a long delay time 
can be prevented by selecting a long guard interval to make 
the system substantially unaffected by the multipath phe- 



FIGS. 10A and 10B respectively show schematic block 
diagrams of an embodiment of a transmitter and that of a 
receiver according to the invention and designed to change 
the carrier wave frequencies at predetermined periods and a 
predetermined frequency gap; < 

FIGS. 11A and 11B show two alternative arrangements of 
carrier waves for shifting the frequency of each of the carrier 



Now, an OFDM symbol length and a guard interval length 
adapted to fixed reception and those adapted to mobile 
reception will be discussed below. 

Generally, the influence of multipath is one of the most 
important technological problems that have to be dealt with 
to achieve a good fixed reception for the OFDM system. As 
pointed out above, the use of a long guard interval is a useful 
technique for the prevention of the influence of ghost 

However, since the guard interval adversely affects the 
transmission capacity (bit rate) of a symbol in a manner as 



described above and the use of a long guard interval reduces 
the bit rale of a symbol having a given length, the effective 
symbol length has to be made proportional to the guard 
interval length and, therefore, a symbol h iving a long length 
has to be used to maintain a desired level of bit rate. 5 

For the mobile reception mode, on the other hand, the 
characteristics of the transmission channel can change with 
time due to the fading phenomenon and, therefore, the use 
of a long OFDM symbol can result in an unnegligible 
change in the characteristics of the transmission channel 10 
within the time required for the transmission of a single 
symbol and hence a large bit error rate appears if the OFDM 
symbol length is too long. In other words, a long guard 
interval and hence a long symbol length operate disadvan- 
tageous^ for the fading phenomenon that can be observed 15 
in mobile reception. It may be safe to say that the portable 
reception mode is a combination of the lixed and mobile 
reception modes. 

As discussed above, for the OFDM transmission system, 
the optimal values of the guard interval length, the effective 20 
symbol length and other transmission parameters may vary 
depending on the mode of reception. Therefore, a single set 
of values probably cannot optimize the reception in both the 
fixed and mobile reception modes. Thus, the OFDM trans- 
mission system according to the invention will be partial- 25 
larly useful when transmitting data through a single trans- 
mission channel for both the fixed and mobile reception 
modes, while using long symbols in the fixed reception 

Now, an embodiment of a transmitter and that of a 30 
receiver adapted to the OFDM transmission system accord- 
ing to the invention will be described in detail by referring 
to FIGS. 6 and 7. 

FIG. 6 is a schematic block circuit diagram of an embodi- J5 
ment of a transmitter adapted to the OFDM transmission 
system of the invention. The transmitter comprises serial/ 
parallel converters 111 through 111 , inverse discrete Fourier 
transformers 121 through 121 . parallel serial converters 131 
through 13L, a temporal sampling sequence switching unit 4n 
14, a data transmitting symbol synchronizing symbol 
switching unit 15, a synchronizing symbol waveform 
memory 16, a D/A converter 17, a low-pass filter 18, a 
frequency converter 19, a frame pulse generator 20, a 
symbol pulse generator 21. a sampling clock generator 22 4S 
and a local oscillator 23. 

A total of L sequential data Dl through DL to be trans- 
mitted are applied respectively to the L serial/parallel con- 
verters 111 through 11L. A set of L parameters (effective 
symbol length, guard interval length, number of carrier so 
waves) are provided to correspond to the L sequential data 
Dl through DL to be transmitted. 

Said serial/parallel converters 111 through 11L convert 
respective serial data into parallel data, which are allocated 
respectively to the carrier waves of the OFDM transmission 55 
system. The inverse discrete Fourier transformers 121 
through 12L determines the phases and the amplitudes of the 
respective carrier waves on the basis of the data allocated for 
transmission. The phase and the amplitude of each of the 
carrier waves are treated as a complex number in the 60 
frequency domain and subjected to an operation of inverse 
discrete Fourier transform and the sampled values of the 
transmission waveform obtained in the time domain are 
produced as outputs. Then, the parallel serial converters 131 
through 13L convert the temporally sampled values pro- 65 
duced in parallel into a sequence of serially sampled values 
for each symbol. 



On the other hand, the sampling clock generator 22 
generates a sampling clock on the basis of the original 
oscillation frequency signal produced by the local oscillator 
23. The frame pulse generator 20 and the symbol pulse 
generator 21 respectively generate a frame pulse and a 
symbol pulse from the sampling clock. The sampling clock, 
the frame pulse and the symbol pulse are fed to the com- 
ponents of the transmitter for timing purposes. 

The temporal sampling sequence switching unit 14 selec- 
tively switches the L sequences of temporal samples to 
transform them into a single sequence of temporal samples 
by using the frame pulse and the symbol pulse. The syn- 
chronizing symbol waveform memory 16 produces the 
sampled values of the frame synchronizing symbol wave- 
form. The data transmitting symbol/synchronizing symbol 
switching unit 15 switches the sequence of temporally 
sampled values of the data transmitting symbol produced by 
the temporal sampling sequence switching unit 14 and the 
sequence of sampled values of the waveform of the frame 
synchronizing symbol produced by the synchronizing sym- 
bol waveform memory 16 to transform them into a sequence 
of temporally sampled values of the base band OFDM 
signal. 

The D/A converter 17 converts the sequence of tempo- 
rally sampled values into an analog signal and the low-pass 
filter 18 eliminates the high frequency components of the 
analog signal to produce an analog base band OFDM signal. 
The frequency converter 19 converts the frequency of the 
base band OFDM signal up to an intermediate frequency or 
a radio frequency and produces a signal to be transmitted. 

FIG. 7 is a schematic block circuit diagram of an embodi- 
ment of a receiver adapted to the OFDM transmission 
system of the invention. It comprises a band-pass filter 31, 
a frequency converter 32, a synchronizing symbol waveform 
memory 33, a synchronizing symbol position detector 34, an 
oscillation frequency control signal generator 35, a local 
oscillator 36, a sampling clock generator 37, a frame pulse 
generator 38, a symbol pulse generator 39. an A/D converter 
40, serial/parallel converters 411 through 41L, discrete Fou- 
rier transformers 421 through 42L and demodulation- 
parallel/serial converters 431 through 43L. 

In the receiver having I bo configuration described above, 
the band-pass filter 31 eliminates the out-of-band compo- 
nents and the frequency converter 32 converts the interme- 
diate frequency or the radio frequency of the OFDM signal 
down to a base band. The A/D converter 40 transforms the 
base band OFDM signal into a sequence of sampled digital 
values, which are respectively fed to the serial/parallel 
converter 411 through 41L and also to the synchronizing 
symbol position detector 34. 

The synchronizing symbol position detector 34 detects the 
position of the front end of the frame by calculating the 
correlated values of the sequence of sampled values of the 
base band OFDM signal and the sequence of sampled values 
of the synchronizing symbol waveform stored in the syn- 
chronizing symbol waveform memory 33. It also determines 
the position for sv, itching the transmitting symbols and the 
position of the FFT window. 

The oscillation frequency control signal generator 35 
generates a signal for controlling the oscillation frequency of 
the local oscillator 36 on the basis of the frame period 
detected by the synchronizing symbol position detector 34. 
A method of controlling the local oscillation frequency by 
means of a frame period is described in Japanese Patent 
Application No. 6-138386 "Clock frequency automatic con- 
trol method and transmitter and receiver using the same". 
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The sampling clock generator 37 generates a sampling transmission can be met within a single transmission chan- 

clockon the basis of the original oscillation frequency signal nel without reducing the efficiency of the use of frequencies, 

produced by the local oscillator 36. The frame pulse gen- Specifically, OFDM data transmitting symbols good for 

erator 38 and the symbol pulse generator 39 respectively fixed reception and those adapted to mobile reception can be 

generate a frame pulse and a symbol pulse on the basis of the 5 transmitted through a single transmission channel without 

data on the position of the front end of the frame produced reducing the efficiency of the use of frequencies, 

by the synchronizing symbol position detector 34 and the While L inverse discrete Fourier transformers 121 

sampling clock. The sampling clock, the frame pulse and the through 12L are used for L different parameter sets in the 

symbol pulse are respectively fed to the related components arrangement of FIG. 6, a single inverse discrete Fourier 

of the receiver and used to generate various timing signals. 10 transformer may cover L different symbol lengths if it is 

The serial parallel converter 411 through 41L transform adapted to the use of a plurality of FFT points, 

the sequence of sampled base band values into parallel data, While the technique of modulation to be used for the 

which arc fed then to the discrete Fourier transformers 421 OFDM carrier waves may be selected depending on the 

through 42L. The discrete Fourier transformers 421 through phase and the amplitude assigned to each carrier wave in the 

42L transform the sampled values in the time domain into 15 form of a complex number in the frequency domain, differ- 

spectra for the respective carrier wave frequencies. The ent techniques of modulation may be respectively used for 

demodulation-parallel/serial converters 431 through 43L sequences Dl through DL of transmission data, typically 

estimate the phases and the amplitudes of the carrier waves including techniques such as DQPSK, 16QAM and 

from the respective frequency component, determines the 64QAM. 

values of the received data on the basis of the phases and the 20 Similarly, while L discrete Fourier transformers 421 

amplitudes and transform them into sequences of serial through 42L are used for I. different parameter sets in the 

received data Dl through DL, which are then produced by arrangement of FIG. 7, a single discrete Fourier transformer 

the converters as respective outputs. The L sequences of may C0V er L different symbol lengths if it is adapted to the 

received data Dl through DI. corresponds to the I. parameter usc 0 f a p] ura lity of FFT points. 

sets ' " Of the Ldata sequences Dl through DL, the sequence Dl, 

In the transmission system having the configuration for example, and the corresponding transmission svmbols 

descr ibed above, lite inverse discrete Fourier transformer 12i may be used to transmit data on the effective symbol lengths, 

(i being an integer between 1 and L) and the discrete Fourier me guard interval lengths, the number of carrier waves and 

transformer 42i (i being an integer between 1 and I ) the modulation techniques selected for the carrier waves for 

arbitrarily select Ni, Mi and Ki provided that Ki/Ni'J' is kept lhc remaining data sequences D2 through DL from the 

smaller than a constant value W (W being a positive real transmitter to the receiver. 

number) determined by the bandwidth of the transmission Generally speaking, if the effective symbol length NaT 

channel, where T is the time interval of sampling clocks, NiT (Na bcing a positivc i ntcgcr ), the guard interval length MaT 

is the effective symbol length (Ni being a positive integer), (Ma being ^ or a posit i ve integer) and the number of 

MiT is the guard interval length (Mi being zero or a positive carrier waves Ka (Ka being a pos i t ive integer) of a specific 

integer) and Ki is the number of carrier waves (Ki being a data transmitting symbol in an OFDM transmission frame 

positive integer). arc known by thc rcccivcr along with the modulation tcch- 

The temporal sampling sequence switching unit 14 niques selected for the carrier waves of the specific symbol, 

switches the data transmitting symbols in such an order that 4Q the parameter sets for the data transmitting symbols can be 

the data transmitting symbols having an identical effective modified by transmitting al least pari of the data on the 

symbol length and a guard interval length are continuously effective symbol lengths, the guard interval lengths, the 

arranged on thc time base and thc number of switching number of carrier waves and the modulation techniques 

points where two adjacent data transmitting symbols having selected for the respective carrier waves of all the data 

at least mutually different effective symbol lengths or mutu- 4? transmitting symbols other than said specific data transmit- 

ally different guard interval lengths are located is minimized. ting symbol in the frame from the transmitter to the receiver 

While there may be a number of different orders accord- by means of said specific symbol, 

ing to which symbols corresponding to data sequences Dl If the average transmission power required for the i-th 

through DL are transmitted, data transmitting symbols cor- data transmitting symbol can be Pi in the OFDM frame of 

responding to a sequence of data (a set of parameters) are to 50 the above embodiment, Pi can be determined as a function 

be most basically transmitted in an continuous order on the of Ni that defines the effective symbol length in the frame so 

time base. Then, the number of switching points where two that Pi and Ni provide a one-to-one correspondence. If, 

adjacent data transmitting symbols having respective sets of additionally, there are L different possible values of Ni, there 

parameters that are different from each other are located is will also be L different possible values of Pi so that the 

minimized. FIG. 8 shows a typical arrangement of data S5 average transmission power Pi may vary depending on the 

transmitting symbols that meets the above requirements. effective symbol length NiT of each data transmitting sym- 

Assuming L=2 and that sequence Dl of transmission data bol. 

is for the fixed reception mode and sequence D2 of trans- With such an arrangement, different service areas may be 

mission data is for the mobile reception mode, a good data provided for fixed reception and for mobile reception by 

reception can be realized in either mode by selecting respec- 60 selecting different values of the average transmission powers 

five sets of parameters for fixed reception and mobile for fixed reception and for mobile reception, 

reception for the inverse discrete Fourier transformers 121 It in the above embodiment, the value of Ni is selected 

and 122. from Al, A2, . . . , AL and Amax is the largest value of Af , 

Thus, with the OFDM transmission system according to A2, . . . , AL, all the numbers Al, A2, Al may be so selected 

the invention, any cross interference can be prevented from 65 as to be divisors of Amax that can exactly divide the latter, 

appearing between two adjacent carrier waves without using In other words, if the effective symbol length NiT is selected 

a guard band so that various different requirements of from AIT, A2T, . . . , ALT and AmaxT is the largest value 



of AIT, A2T, . . . , ALT, they are divisors of AmaxT that can 
exactly divide the latter. 

Then, all the data transmitting symbols can commonly 
share part of the carrier waves. Therefore, data on carrier 
phase necessary for coherent demodulation or control data 5 
can be transmitted by means of such commonly shared 

On the other hand, if Mi that defines the guard interval 
length can take only a single value, that is, if there are a 
plurality of values that the effective symbol length NiT can 10 
take and the guard interval length MiT can take only a single 
value, then the layer for fixed reception and that for mobile 
reception in each transmission frame will perform exactly in 
a same manner against intcr-symbol interference due to 
multipath. 15 

Finally, the frequencies of the carrier waves for the data 
transmitting symbols in an OFDM transmission frame may 
be shifted with a predetermined period and a predetermined 
frequency interval. More specifically, the frequencies of the 2Q 
carrier waves of data transmission symbols having a rela- 
tively few number of carrier waves (or symbols for mobile 
reception) may be shifted by the frequency interval of the 
carrier waves of other data transmission symbols having a 
relatively large number of carrier waves (or symbols for 
fixed reception) multiplied by an integer. 

With such an arrangement, data on carrier phase neces- 
sary for coherent demodulation of symbols for fixed recep- 
tion or data for equalization can be transmitted by means of 
the carrier waves of symbols for mobile reception. 30 

More specifically, the frequencies may be shifted in a 
radio frequency band or in a base band. FIGS. lOAand 10B 
are circuit configurations adapted to the former, whereas 
FIGS. 11A and 11B illustrates possible arrangements of 
carrier waves adapted to the latter. The components common 35 
to those of FIGS. 6 and 7 are respectively denoted by the 
same reference symbols. 

(1) Frequency Shift in a Radio Frequency Band 

FIG. 10A shows a circuit configuration of a transmitter 40 
designed for a frequency shift in a radio frequency band. 
Variable frequency local oscillator 24 shifts the oscillation 
frequency according to the transmission symbol by means of 
the frame pulse and the symbol pulse fed respectively from 
the frame pulse generatoi 2(1 and [he symbol pulse generator 
21 shown in FIG. 6. The frequency converter 19 shown in 
FIG. 6 can be driven by the shifted oscillation frequency to 
generate, lor each data transmitting symbol, signals having 
frequencies shifted. 

FIG. 10B shows a circuit configuration of a receiver 90 
designed for a frequency shift in a radio frequency band. 
Variable frequency local oscillator 44 shifts the oscillation 
frequency according to the transmission symbol by means of 
the frame pulse and the symbol pulse fed respectively from 55 
the frame pulse generator 38 and the symbol pulse generator 
39 shown in FIG. 7. The frequency converter 32 shown in 
FIG. 7 can be driven to convert the OFDM signal having an 
intermediate or radio frequency down to a base band. 

(2) Frequency Shift in a Base Hand 
FIG. 11A shows an arrangement of carrier wave frequen- 
cies of symbols for mobile reception. FIG. 11B shows an 
arrangement of carrier wave frequencies of symbols for 
fixed reception. In the example shown in FIGS. 11A and > 
11B, m=10 and n=40, where m is the number of carrier wave 
frequencies provided for the mobile-reception symbols, and 



10 

n is the number of carrier wave frequencies provided for the 
fixed-reception symbols. 

Numerals f to n are assigned to the carrier-wave frequen- 
cies at the input of the inverse discrete Fourier transformer 
provided in the transmitter. The numerals will be referred to 
as "frequency slot numbers." Further, numerals 1, 2, 3, . . . 
are assigned to the symbols for data transmission. In the 
symbol 1 for mobile reception, daia is set to the inverse 
discrete Fourier transformer, in every (n/m)th slot, starting 
with the slot 1; in the symbol 2, data is set in every (n/m)th 
slot, starting with the slot 2, and so forth. The inverse 
discrete Fourier transformer which has n points converts the 
data to the time domain. A signal having frequencies shifted 
along the time axis as shown in FIG. 11A is thereby 
generated. 

In the symbols for fixed reception, data are set at all n 
points of the inverse discrete Fourier transformer, as is 
illustrated in FIG. 11B. The transformer performs inverse 
discrete Fourier transform on the data. 

On the demodulation side, too, a discrete Fourier trans- 
former having n points is used. After the discrete Fourier 
transform has been performed, a symbol for mobile recep- 
tion is demodulated by selecting only the frequency slots 
which are used in the symbol. 

In the embodiment described above, one or more data 
transmitting symbols for mobile reception which have rela- 
tively short effective length and guard interv al length may be 
transmitted at regular tune intervals within a frame, as is 
illustrated in FIG. 12. The embodiment can thereby realize 
a time interleaving effect against fading in mobile reception. 
This reduces burst errors and also the memory capacity 
required for interleaving, than in the case where symbols for 
mobile reception arc transmitted continuously. 

The above embodiment may be used for AIM telecom- 
munications where the amount of data to be transmitted can 
vary as a function of time and also for transmission of data 
encoded in the form of variable length codes, by modifying 
the transmission parameters including the effective symbol 
length, the guard interval length, the number of carrier 
waves and the modulation techniques for each carrier wave 
by means of a specific data transmitting symbol to modify 
the amount of Jala to be transmitted on a frame basis. 

The present invention is not limited to the above 
embodiment, which may be subjected to various changes 
and modifications. 

Thus, the invention provides an OFDM transmission 
system that ensures a good reception regardless of the mode 
of reception and a transmitter and a receiver adapted to such 
a system. 

Additional advantages and modifications will readily 
occur to those skilled in the art. I hcrelore. the invention in 
its broader aspects is not limited to the specific details, and 
representative devices shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their cquiva- 

What is claimed is: 

1. An orthogonal frequency division multiplexing 
(OFDM) transmission system comprising: 

means for transmitting data in OFDM transmission 
frames defined by T, positive integers Ni and Ki, and 
zero or positive integer Mi, wherein T is a time interval 
of OFDM sampling points, NiT is an effective symbol 
length, MiT is a guard interval length and Ki is a 
number of carrier waves of an i-th data tr 
symbol in said OFDM transmission frames; 
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means for arbitrarily selecting values for Ni, Mi and Ki 
means for determining a ratio Ki Ni l', wherein said ratio 
is smaller than a constant value W, W being a positive 
real number, determined by a bandwidth of a transmis- 
sion channel of said OFDM transmission system; and 5 
means for ordering said data transmitting symbols lor 
transmission so that said data transmuting symbols are 
transmrtted in such an order that the data transmitting 
symbols having an identical effective symbol length 
and a guard interval length are continuously arranged 10 
on a time base and a number of switching points where 
two adjacent data transmitting symbols having at least 
mutually different effective symbol lengths or mutually 
different guard interval lengths are located is mini- 

2. An orthogonal frequency division multiplexing trans- 
mission system according to claim 1, wherein, if the average 
transmission power of said i-th data transmitting symbol is 
Pi in said OFDM transmission frame, Pi is determined as a 
function of Ni so that Pi and Ni provide a one-to one 20 
correspondence such that, if there are I, different values Ni 
can take, there are also provided L different values Pi can 

3. An orthogonal frequency division multiplexing trans- 
mission system according to claim 1. w herein, if the value 
of Ni is selected from a range of numbers defined by Ai to 
AL and Amax is the largest value of said numbers in said 
range, then all said numbers in said range are selected so as 
to be exact divisors of Amax. 

4. An orthogonal frequency division multiplexing 30 
(OFDM) transmission system comprising: 

means for transmitting data in OFDM transmission 
frames defined by T, positive integers Ni and Ki, and 
zero or positive integer Mi, wherein T is a time interval 
of OFDM sampling points, Ni is an effective symbol 
length, MiT is a guard interval length, and Ki is a 
number of carrier waves of an i-th data transmission 
symbol in said OFDM transmission frames; 

means for arbitrarily selecting values for Ni, Mi and Ki; 4Q 

means for determining a ratio Ki/NiT, wherein said ratio 
is smaller than a constant value W, W being a positive 
real number; determined by a bandvs idth of a transmis- 
sion channel of said OFDM transmission system; and 

means for ordering said data transmitting symbols for as 
transmission such thai said OFDM transmission frames 
include data transmitting symbols having a relatively 
long effective symbol length and a relatively long guard 
interval length for fixed reception, and said OFDM 
transmission frames include data transmission symbols 5 „ 
having a relatively short effective symbol length and a 
relatively short guard interval length for mobile rcccp- 

5. An orthogonal frequency division multiplexing Irans- 
mission system according to claim 4, wherein said system is 55 
used for digilal television hioadcasting. 

6. An orthogonal frequency division multiplexing trans- 
mission system according to claim 4. w herein at least one of 
said data transmitting symbols having a relatively short 
effective symbol length and a relatively short guard interval 60 
length for mobile reception are transmitted at a predeter- 
mined time interval within a transmission frame. 

7. An orthogonal frequency division multiplexing 
(OFDM) transmission system comprising: 

means for transmitting data in OFDM transmission 65 
frames defined by T, positive integers Ni and Ki, and 
zero or positive integer Mi, wherein T is a time interval 
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of OFDM sampling points NiT is an effective symbol 
length, MiT is a guard interval length, and Ki is a 
number of carrier waves of an i-th data transmission 
symbol in said OFDM transmission frames; 

means for arbitrarily selecting values of Ni, Mi and Ki; 

means for determining a ratio Ki Nil', w herein said ratio 
is smaller than a constant value W, W being a positive 
real number, determined by a bandwidth of a transmis- 
sion channel of said OFDM transmission system; 

means lor transmitting at leasi part of the data of a specilic 
data transmitting symbol in an OFDM transmission 
frame, where an effective symbol length NaT, Na being 
a positive iutegei. a guard interval length Ma T, Ma 
being zero or a positiv e integer, and a number of carrier 
waves Ka. Ka being a positive integer, of said specilic 
data transmitting symbol are known by the receiver 
along with modulation techniques selected for the 
carrier waves of said specific data transmission symbol, 
so that at least part of the data on the effective symbol 
lengths, the guard interval lengths, the number of 
carrier waves and the modulation techniques selected 
for the respective carrier waves of all the data trans- 
mitting symbols other than said specific data transmit- 
ting symbol in said specific OFDM transmission frame 
are transmitted from a transmitter to a receiver by said 
specific symbol; and 

means for modifying al least one of said effective symbol 
length, said guard interval length, said number of 
carrier waves and the modulation techniques for each 
OFDM transmission frame by a specilic dala transmit- 
ting symbol on an Ol DM transmission frame basis. 

S. A method for transmitting data 111 an orthogonal fre- 
quency division multiplexing (OFDM) transmission system, 
comprising: 

transmitting at least one OFDM transmission frame 
defined by T, positive integers Ni and Ki, and zero or 
positive integer Mi, wherein T is a time interval of 
OFDM sampling points, NiT is an effective symbol 
length, Mil is a guard interval length and Ki is a 
number of carrier waves of an i-th data transmission 
symbol in said OFDM transmission frame; 

arbitrarily selecting values of Ni, Mi and Ki; 

determining a ratio Ki/NiT which is smaller than a con- 
stanl value W, W being a positive real number, deter- 
mined by a bandwidth of a transmission channel of said 

ordering said data transmitting symbols so that said data 
transmitting symbols are transmitted in such an order 
that the data transmitting symbols having an identical 
effective symbol length and a guard interval length are 
continuously arranged on the time base and a number 
of switching points where two adjacent data transmit- 
ting symbols having at least mutually different effective 
symbol lengths or mutually different guard interval 
lengths arc located is minimized. 
9. A method for transmitting data in an orthogonal fre- 
quency division multiplexing (OFDM) transmission system, 
comprising: 

transmitting at least one OFDM transmission frame 
defined by T, positive integers Ni and Ki, and zero or 
positive integer Mi, wherein T is a time interval of 
OFDM sampling points, NiT is an effective symbol 
length, MiT is a guard interval length and Ki is a 
number of carrier waves of an i-th data tr 
symbol in said OFDM transmission frame; 

arbitrarily selecting values of Ni, Mi and Ki; 
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determining a ratio Ki/NiT which is smaller than a con- 
stant value W, W being a positive real number, deter- 
mined by a bandwidth of a transmission channel of said 
OFDM transmission system; and 

ordering said data transmitting symbols such that said 5 
1)1 DM transmission frames include data iransmillinji 
symbols having a relatively long effective symbol 
length and a relatively long guard interval length for 
fixed reception, and said OFDM transmission frames 
include data transmitting symbols having a relatively l° 
short effective symbol length and a relatively short 
guard interval length for mobile reception. 

10. A method for transmitting data in an orthogonal 
frequency division multiplexing (OFDM) transmission 
system, comprising: 15 

transmitting at least one OFDM transmission frame 
defined by T, positive integers Ni and Ki and zero or 
positive integer Mi, wherein T is a time interval of 
OFDM sampling points, NiT is an effective symbol 
length, MiT is a guard interval length and Ki is a 20 
number of carrier waves of an i-th data transmission 
symbol in said OFDM transmission frame; 

arbitrarily selecting values of Ni, Mi and Ki; 

determining a ratio Ki/NiT which is smaller than a con- 
stant value W, W being a positive real number, deter- 
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mined by a bandwidth of a transmission channel of said 
OFDM transmission system; 
transmitting at least part of the data of a specific data 
transmitting symbol in an OFDM transmission frame, 
where an effective symbol length NaT, Na being a 
positive integer, a guard interval length Ma T, Ma being 
zero or a positive integer, and a number of carrier 
waves Ka. Ka being a positive integer, of said specific 
data transmitting symbol are known by the receiver 
along with the modulation techniques selected for the 
carrier waves ol the specific symbol, so that at least part 
of the data on the effective symbol lengths, the guard 
interval lengths, the number of carrier waves and the 
modulation techniques selected for the respective car- 
rier waves of all the data transmitting symbols other 
than said specific data transmitting symbol in said 
specific OFDM transmission frame are transmitted 
from a transmitter to a receiver by said specific symbol; 

modifying at least one of said effective symbol length, 
said guard interval length, said number of carrier waves 
and said modulation techniques for each OFDM trans- 
mission frame by a specific data transmitting symbol on 
an OFDM transmission frame basis. 



